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To investigate the flood effect on changing the Zarrin-Gol water quality 
parameters, water was sampled from five stations on the river in three periods 
before, during, and after a flood and then some physicochemical parameters were 
determined. F-test was used to compare and determine the statistical difference 
between the qualitative parameters. Then, the hydrogeochemical changes of the 
river, effective factors in controlling the chemical composition as well as the 
dominant processes of the river water were determined. Finally, saturation indices 
were used to predict the possibility of precipitation/dissolution of some carbonate 
and evaporative minerals in all three periods. Results revealed that during the 
flood, chloride, and sodium ions were predominant ions in water and the most 
changes at different times were related to these two ions. The predominant water 
type in the periods before and after the flood was Mg-HCO3. Based on the Piper 
and Durov diagrams, most pre- and post-flood samples have facies of recharge 
areas. While, during the flood, with the abundance of chloride and sulfate ions in 
the water, composite facies prevail, and TDS at this time is almost three times 
before it occurs. Based on the accumulation, distribution, and orientation of the 
samples on the Gibbs diagram, the main factor controlling the water chemistry of 
the Zarringol river in all three periods is the chemical weathering of the minerals 
that form the basin rocks. Also, based on the results of ionic ratios, some 
evaporative minerals dissolution such as gypsum simultaneously with the 
phenomenon of cation exchange is one of the dominant hydrogeochemical 
processes during floods. While in most samples before and after the flood, the 
reverse ion exchange process is predominant. According to the results of bivariate 
diagrams, the main source of salinity of the Zarringol river is the dissolution of 
evaporative minerals (such as halite) belonging to the Mubarak Formation. 
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1- Water type 
2-Ching  
3-Water Quality Index (WQI) 
4 -Saha  
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1 -Anderson-Darling Test 
2  - Bartlett and Levenes Tests 

3 -Games-Howell and Tukey tests 
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1-Gibbs diagram 
2- Calcite(CaCO3) 
3-Dolomite(CaMg(CO₃)₂) 
4-Anhydrite (CaSO₄) 
5-Aragonite (CaCO₃) 
6-Halite(NaCl)  
7-Gypsum(CaSO₄·2H₂O) 
8-AqQa 
9-Aquachem  
10-Surfer 
11-Minitab  
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 \�+-1 :)�.E�" 9�"�2( ������ �� �.�P���L�  �B�' BJH��"�
  �� +�D �Y1�@  
 H���

�.(�. >����D  

 ���� 

�.(�. 
TDS 

(mg/l) 
EC 

(μScm) 
pH 
(-) 

HCO3 
(mg/l) 

Cl 
(mg/l) 

SO4 
(mg/l) 

Ca 
(mg/l) 

Mg 
(mg/l) 

Na 
(mg/l) 

K 
(mg/l) 

;�� �� ;�H 

1  291  454 21/8 4/3 8/0 54/0 6/2 5/1 63/2 03/0  

2 317 496 45/8 9/2 5/0 12/1 3/2 2/2 57/0 03/0  

3 272 425 29/8 1/3 9/0 62/0 8/2 4/1 41/0 03/0  

4 351 553 16/8 7/3 5/0 31/1 5/2 3/2 68/0 03/0  

5 243 380 47/8 1/2 5/0  5/0 4/2 6/1 08/0 03/0  

 �� ?���>1

;�� 

6 948 1493 12/8 4/4 8/6 37/4 6/4 1/3 55/7 03/0  

7 826 1300 98/7 9/3 4/6 33/3 2/4 6/2 84/6 05/0  

8 731 1151 28/8 4/3 8/5 4 5/3  3/2 68/5 1/0  

      9 942 1495 43/8 6/3 9/6  37/4 9/4 2/3 55/7 05/0  

10 932 1480 09/8 3/4 8/6 37/4 8/4 1/3 52/7 03/0  

;�� �� �"� 

11 410 646 2/8 2/4 5/1 12/1 3/3 2/2 33/1 03/0  

12 504 794  06/8 5/4 5/2 08/1 4/3 2/2 44/2 03/0  

13 449 701 17/8 4/4 8/1 35/1 6/3 4/2 51/1 03/0  

14 420 676 23/8 3/4 6/1 14/1 4/3 22/2 35/1 03/0  

15 454 713 14/8 37/4 93/1 18/1 43/3 27/2 76/1 03/0  

 

                                                      
1 -Arpine 
2 -Gayane 
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B2 3H(� 8S�[ �����Q6 : Y1�@ 5('� �� +�D � H��"�
 �B�' �
  

  

;�. 4� 4U(���3-b?(�� � � ?(���� P5�R 4��@��
 E ?(	 4� P���� 4� ;�� ?��� 
�  ���M� [	�� � �	��Z� ��1

#� #� ��� A	� .���	  �.�� i
��� ����� #�
�� /0���� '0X�� �� #.�� ���(� wc� 
� #�(@ ���*� #����*� �� 4�

���� 4g(W A	
� 4��@��
  .T�� 
��
(@�� ;� ?�(� �
�� ;�5�� �#�
�� ��1�����#���  � T�5�1 ��B� ������ ��1

 KL	=4� T�*� � #����(1  $�*W 
��*� V	���I�*1�! u
�� �e(x@ �u
�� G(H� ?��� 
� � ;�� ��1  4� ��

#� ;W E 
� #�W�
 O�� � ��(.?(	 #@�� TBZR V	��I� ~  T�D�� �	�. V1�� ? #3 
� � �Z� � [	�� ��B� �1

#� 4��@��
 E  .��(.  

 4��@��
 
� ;�� ?��� V���I �� 4� ��� ?��� V1�23 A	� F	���
�A	 ;�?(	 � [�*Z� ��1 � /�!����� 
� ���d�  E

P5�R 4��@��
 #� ;�.) ��(.34� .( #� �B� �
�� ?�	�3 4� 4U(��� ��
 �4g(W wc� 
� E���
 V1�� ? #3 
� � #��

4� 4g(W wc� 
� #�
�� /0���� #	(�� ?���� #� V1�� /�. .���	 ?(	 
(�W V1�� ~O�� ��� A	�  � �	��Z� ��1

[�*Z� ?�. P5�R ;��6� 
� � E 
� [	�� � A	
� 4��@��
 E 
� /�!����� #� ;�   .�(.  

  

>�
�&���� >���E B���6 � ��"�6 2�"�9 ������ (  

'��U $�����2  
��6�p-value  ?(��F  ��������
�3 pH  �[����3   ���W 
� P���� 4�183/0  �091/0  4���X�

��. A	
� '(  
� ����
�3 �� A	� TBZR 4� T�� ? �%���� ��� A	� .T�� 
� ;�3  /����(� #�
�� �
(� #���� �
��

4�.�� #	�U #!"� J0�@� � T��  
� �
��?��� 
��6� �1����
�3 �	�� ���� ��� .��� ��1��� 
(�^� ��1  p-value 

 ?(��F  �� ���r(�05/0 #� ?��� 4� ��. 4���X� 
� ;H��W �1�2  �� �
��3 #!"� J0�@� #�
�� �
(� �
�� 
��

;�H �
�� A�� ��� ?��� '��1�>�� � #�(� ?(�� F	��� .�
�� �(U� -�"� A�!Q>1 � ?���>1 - ?���>1 �;�� ��

4� ����I� |�D�� 4���� 0��� �
�� /����M���1����
�3 ���� �S� �� �1 
� 4�	
(  �'(ZX� /����U ;� EC ��	��Z�� 
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 [	��!� �[�*Z� �/�D5(� �[	�� #!"� J0�@�#5�W 
� �. ��1��� 
�� ���� 4�3  ����
�3pH� /�!�����  � [����3

#!"� J0�@�G(g(� A	� .��� ��1��� 
�� #� ?��� #D�� ��1����
�3 �b�� TBZR 
� ���M� ~O�� ;�� G(H� 4� �1�

��. ;�� G(H� �� �"� � ;�H �
�� �� 4*	�6� 
� #�
�� �
(� .T��  

��1����
�3 TBZR 4� �. Y��� A�!Q>1 #�
�� A	� 
� [	��� �	��Z� � [�*Z� ?(	 A�� 
�  A	����� �#Ze� ��1

 
� �
 /����M�3  �
(� �
��#�
�� ��#!"� J0�@� �S� �	��6� A�� � 4�.
 ��1����
�3 A�� 
� ��� .�. ��1��� 
��

 �V1�23 A	� 
� ��. #�
�� #	��>�.(�	��I'(ZX� /����U ;�  �EC  �S� �	��6� A�� � 4�.�� �
 /����M� A	�����

 
� 
�3 #!"� J0�@� #�
�� �
(� �
�� .�. ��1��� 
��  

  

 YE ���IP� � ]�6 �����Q6L��� �.�P��� BJ  

F	��� �� ;e�W 4���X� _�� m�(��  E4��@��
 A	
� ;� ?��� P5�R _�� ��  �� ;�H ��S���� 
� `	��!� /�!�����

;�.) �
�� ? ?��� V���I �� �"� � E0�� G(H�4#� ��� A	� .( f!� ?�(� P5�R �� ?��� ���(�  K!U �� #�1 ��1

T��(5�� 
�� 4"5�c� �
(� �	�� 4g(W 
�?(	 ?�. P5�R 4� ;�� ?��� 
� E _�� ��
�� �� A	� J0@�� .�  ��1

#� ���M� `	�� /�D5(� 4� ������ #Z3 ������ A	��� ��0O .���	 ?(� #� ]���� a����	� 
� �1  /����U ;� J�"� ���(�

4�W0� ;��H ���M� E0�� �
�� 
� 4� �.�� E 4�(>�  
� '(ZX� ?��� �(@ �� �
 �� #� � .�1�#� ��� A	  �%���� ���(�

#��� '0X�� A	
� 4��@��
 E 
� '(ZX� /����U V	��I� ? #3 
� � ������ ��1 .�.�� ;�  

  

- \�+2 H(��E O��&. :F  "��J � �?(6-L��� �.�P��� YE �^�? >�
�&���� \��
 B�@ ��+�D � H��"�
 �B�' BJ  
B�' � B�@  +�D � B�'  +�D � B�@  p-value �&���� 

* * * 000/0 TDS 

*  *  *  000/0 EC 

NS       NS      NS        183/0  pH 

NS     *  NS       009/0  HCO3 

*  *  * 000/0 Cl 

* NS       * 002/0 SO4 

*  * * 000/0 Ca 

* NS      * 022/0 Mg 

*  * * 000/0 Na 

NS      NS       NS       091/0  K 

#!"� J0�@� �(U�*  �#�
�� �
(�  
�>�� �� A�� 
�� NS#!"� J0�@� a�O :  :^@h� �#�
�� �
(� 
�>�� �� A�� 
��

4�I�	 j�6X� ��1  
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B2 4L��� �.�P��� _�&@� ���(�. : ) B�' BJa) H��"�
 �(b)B�@ �� +�D � (c(  

�
�*@
 #<��>�.�
��1 ��11 E  #!����	��A�" ��(� ��!!�  #� ��1#� /��D�� #>�.(<= T�1�� ��  $��� .�!.��

46�  �
�*@
 ��!� ?(���� �	��6� �1 ?(�� � �1  #Z�� P*W��) ��>O ��1  #�� E (���5 �� ?t�� #� #!����	� �.�� .

4�(>� �b�� 4� T�� ? �%���� �L	�3 
��(>� �� ;e�W F	���  '�� E0�� �� �"� � ;�H 4� \(��� ��11395  ��
��

�
�*@
 �
�*@
) 4	^M� 46c!� ��1  E ��1A	��.2#� (  ;�.) �!.��5 P5�R ?(�� /�!����� 
(�^� �
�*@
 
� .(

#� E 4�(>� �� #@�� 
� 4r��� .�.�� ?(	 ?���� V	��I� �� #����� �
�*@
 4� ;	�>� E0�� �� �"� 4� \(��� ��1  ��1

?(���� A�!Q>1 � �Z� � /�D5(� #� ��	� �S� ���!�� ��1 (..�  

4�(>� #��>� ;��6� 
� 4� �E0�� G(H� ?��� 4� \(��� ��1 ?(	 ?�. P5�R ;�5�  ��
�� /�D5(� � �	��Z� ��1

�
�*@
 #����� ��13 �
�*@
 .�!�*1  ��1#�����  ;���� 4� ���
 4d��� 
� � 
(. � A	��. E A�� '0�@� �� ?���

 �t(e� .��
�� E #	��>�.(<=�
��1 �	��T�D�� 
� E (�G  �
�*@
#�����4 4� T�*� �A�<�3 A	��. E _��  ��

E ��U #��� �B� �� .T�� #� 
��6� � T�� ��1 ? /�!��� E �� 4���� �1 #� A	��. ��1 E A	� 
� .�.��  �1

E 4� T�*� �	�Z� TBZR #� V	��I� A	��. ��1 .���	 E 
�  ��14U(� ;��H V	��I� �	�Z� 
��6� ���
(. �
�� �� 

 �
�����)2008.( �� A�!Q>1 #<t�� #���  �� V��)600 #Z�� #� P*W�� ���5 �� a�� /�!���   ([�*Z� 
��
(@��

                                                      
1 -Hydrochemical Facies 
2- Fresh Facies 
3-MixCa-Mg-Cl  
4 -Blended Facies 
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4�(>� /����M� ���
 #Z�
(c� .�!�*1 4�(>� #	��>�.(<=�
��1 �	�� ;���� �� ?��� �L	�3 
��(>� 
� �1  E ��1

A	
� 4��@��
 .�
�� ;� 

  
B2 5�� �.�P��� �a�� b��J��� :L� B�@ �� +�D � H��"�
 �B�' BJ  

 A	� 
�V1�23 
(B!� 4� _�� ��S� ��*D�  A	
� 4��@��
 E  ;� �� a����	���. ���D��� �
�� T�� ;�.) 6 $��� .(

 A	� a����	�?(���� �	��6� ?(�� � �1 #� E ��>O ��1  .�.�� Y���� ;��H #� ��!� �� �(g� 4� ��� a����	� A	� 
�

�� V	��I� .T��`>� ?�� #� ��1��� ;��H �(g� 4� E0�� G(H� ?��� 
� '(ZX� ��1  �� #>�X� ;�5� 4� �.��

#��� �(��*. `>� V	��I� � #�
�� /0���� 
� �(U(� ������ ��1 A	
� 4��@��
 ;@�� E 
� '(ZX� ��1  ;�

#�  
��(>� ;�. ;�c�*� T>*H 4� 4U(��� .�.��J�
�� ?���� �'(ZX� /����U ;� � 
� E ��	�6� ;�� G(H� ?��

#� ;�� G(H� �� ;�H ����� 4�  ?���� A	��� ��0O .�.��pH A	
� 4��@��
 E  �� ?�. #	��ZH ���� ������ ;	�>� ;�

#� ?��� �(@  V	��I� .�1�pH `>� ?���� V	��I� �� [�6�*� \���
� E .�
�� �
 E 
� '(ZX� ��1  

~Zb� 4*	�6�  
��(>� 
� #�(���� � #�(�� ��1J�
��  ;���� 4@�r 4� T�*� #�(���� ;���� 4� T�� ? �%����

 ;���� #Z� ;��� �� ������ T�"�� #�(��#	��>�.(<=�
��1 A	
� 4��@��
 E ?�	�U T��W ��*� '(  
�  �� ;�

#� ?��� �(@ .�1�  
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B2 6 b��J��� :R���� L��� �.�P��� B�' BJB�@ �� +�D � H��"�
 �  

  

 L���6\�&,? B��(� YE ���  �+,,? L��� �.�P���  BJ  

 T�"g� A��"� 
(B!� 4��
��1#<��>�. A	
� 4��@��
  �� ? #>�. ��!!� '��!� ;��(O � ;�a����	�  #@�� � K���

T�*�  #�(	 ��1���D��� �. K���)1 �19704�(>� #%�I�	 TSU � �	�(� ��>d� $����� .( �� �1  K��� a����	� ��


;�.)7#��� #	��>�. #����(1 �( f!� ��!1� ;���� ��1 4��@��
 E #>�. ��!!� '��!� #Ze� ;��(O ��1 

A	
� #� E0�� ���"� � ?���>1 �;�H ;� 4�(>� 4r��� .�.��  4d��� 
� ����� 4� ;	�>� E0�� ?��� 4� \(��� ��1

#� ?��� �(@ �� �
 #��.
(. �>d� A�!Q>1 .�!1� 4�(>� 4�W�� 
� 4�����U 46c!� 4� 
� ��	�6� �1  #����(1 4� ��

#��� #	��>�. f!� ��!1� ;���� ��1 #� 4��@��
 E #	��>�. ���M� #Ze� ;��O �1  P���� 
� ���M� �%���� �.��

#��� #	��>�. ?��� 4� 
� �1 #� (;�� �� �"� � ?���>1 �;�H) ]Z��� ��1 '0X�� � E0�� ?��� 
� .�.�� #���  #	�1

4�(>� � 4�I�	 V	��I� E �
(. ?���� �KL	= � T�5�1 ��B�  #	t�� 4�W�� 4� ?���
 4� ;	�>� �
�� A	� 4� \(��� ��1

#� ��� �	
� 
(. E J�"� 4� (�
�^%�(�
 � �����) #� ?��� �(@ �� �.��  $���� �� � ;�� ?��� V���I �� .�!1�

#��� ?�. z
�@ �� /�D5(� � ��	�Z� ��1#��� T>� 4� E #	��>�. P��  '�W 
� (T��(5�� � T�*Z�) 4��!��� ��1

#� ���M� ;�.) �.��7.(  

                                                      
1 Gibbs 
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B2 7) d��J b��J��� :a �b>�
���(�. ����
 �D ( ) �.(� 8�I.c  �d( �� L��� �.�P��� B�@ �� +�D � H��"�
 �B�' BJ  

  

�!	��I #�
�� 
(B!� 4� V1�23 A	� 
�  #�(	 T�*� 
��(>� �� ($(�"� � ���O) #�(	 '����)���
�� � ���	

� 4� (  

)Ca2++Mg2+( A�!Q>1 � 
��(>� �� ���M�� EC  #�(	 T�*� 4�Na+/Cl-  ;�. 
� .�. ���D���7-c m@ �1:1 

 �b�� �S!� 4� ��� ?��� 
��(>� A	� F	��� .T�� KL	= � T��(5�� �T�*Z� '0X�� �!	�I ��!1� ?���4�(>�  \(��� �1

 m@ �	� ;�� G(H� 4�1:1 4�I�� 
��H ��Ch� �� ?��� 4� ��� '0X�� #��� KL	= ��B� ������ ��1 ?���>1 �� ��	�3 

'���� #�(���� P���� 
� #	��>�. A	
� 4��@��
 #� ;� 4�(>� ����� ;��6� 
� .�.��  ;�� �"� � ;�H ?��� \(��� �1

 m@ �t�� 
� ��	�6�1:1 �
�� 
��H4�(>� A	� 
� #�(	 '���� K�O �!	�I G(H� �� ?��� 4� �  .�
�� �1  

��1
��(>� 
� ��  ���M��EC  4�Na+/Cl-4�(>� �  �t�� 
� 4� #	�1m@ 1 =Na+/Cl-  ?�(� P5�R �� ?��� ��
�� 
��H

�I	�! '���� 4�(>� 
� #�(	  ;�.) �
�� �17-dA	
� ���� 4g(W 
� .(  \(��� 
(. #�
�� /��(�
 u��*� ;�5�� ;�

4�(>� �i
��� ����� 4�  4�6� � �
�� 
��H #"��  #�(	 '���� ��1�!	�I ��C�� TX� ����� E0�� G(H� 4� \(��� ��1

4�(>�  �� �C��� ��1�I	�!  ��!	� �� .�!�*1 #�(	 '���� K�O�I	�!  �#�(	 '���� K�O�I	�!  4��@��
 '(  
� P5�R

A	
� #� E0�� G(H� �� �"� � ;�H ;� .�.��  
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#� ����� �	��Z� ?(�� �� [	�� ?(���� ?���� �? ?��� V���I �� �"� � E0�� G(H� ?��� 
� 4��	�d� ��  �.��

;�.)3#� [	�� ?(	 h�!� (  #��� '0X�� �� ��R ����(�T�5�1 T��5 #��� �� �t�>�W� �1 	 '���� � .�.�� #"��  #�(

?(	 #!����U � #�(���� '���� �!	�I ��%	� ?��� 4�  �� #� ���!� 
� �(U(� [�*Z� � [	��!� �!��� #��I�� �� ��1

$
 
� �(U(� [	��  P�� ��!�*1 
��
(@�� T.� 4!S3 
� #�(@ ���*� u��*� �� 4� #�
�� /0���� 4� \(��� �1

f��	) T�� ��. E 
� ?(	 A	� ?�. ���2  ?�
��>1 �2016��H �  ?�
��>1 � (5�(>X�1399.(  

)1 (  
��� � 2��� − ���� → 
��� − ���� � 2���  

)2 (  ���� � 2��� − ���� → ���� − ���� � 2���  

4�(>� 
� [�*Z� ?���� V1�� A	
� 4��@��
 #� ��1 #� E0�� G(H� ?��� 
� ;�  �	 
(�^� #�(	 '���� ;�5� 4� ���(�


#� �
 a�� �
(� '�>�W� 4� �.�� T�*Z� E(� K	��� 4� \(��� V�� 
� ?�(� .�(>� #�
�� G��.� ��1  

  

���?�6 >�
���(�.  

 A��"� � #	��>�. ��1�!	�I G(� Y���� TSU #>�.(<=�
��1 /�"5�c� 
� ���D� ��1
���� #����� ��1
��(>�

 ���!�!�*1 E �
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